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BASIC ANXIETY AND ADAMIC MOTIVATION 


Philip B. Marquart 
Professor of Psychology 
Wheaton College 


" e “But the wicked are like the troubled sea, when it cannot rest, whose waters 
cast up mire and dirt." Isa. 57:20. 


"As for me, I shall behold Thy Face in righteousness; I shall be satisfied when 
I shall awake with Thy likeness." Ps. 17:15. 


Basic snxiery is universal in human nature; it lasts a lifetime; and it occurs 
in no other species except our own. It is to be distinguished from all other forms 

of anxiety and fear -- for it forms the roots of all these other fears, the so-called 
Manifest Anxieties. Strictly speaking, it is not an anxiety at all, but rather it 

is the basis of Anxiety. The Manifest Anxieties are definite fear states which the 
victims recosnize as such, whether they recognize the object of their fear or not. 
Manifest Anxieties appear in such conditions as free floating Anxiety, Anxiety tension 
state, and Anxiety neurosis. Also the Basic Fears, which will be discribed later, 

are specific fears of a manifest variety. A scriptural description of such manifest 
fear is: "the cup of trembling, even the dregs of the cup of My fury." Isa. 51:22. 


Basic Anxiety is a normal state of restless uneasiness and lon ‘iness universally 
prosent in every human being, all of his life, and peculiar to our species only, but 
it is usually not sensed as a form of frank fear or anxiety. It is a gnawing, rest- 
less, irritable, intangible stimulus, which makes us go on and do things in order to 
cover up the dissatisfactions above. It is characterized by uncertainty, diffuseness, 
and a sense of incompleteness. 


The basic requirement of human nature is love (I John 4:19). In Seritpture we 
are enabled to envision a time when human nature was truly motivated “at the impulse 
of Thy love." Sin is not only lawlessness and disobedience; it is also a violation 
of love. 


Even though the Freudians have initiated and used the term, Basic Anxiety, their 
use of it has not been helpful, since cach writer has used it in his own varying, 
implied definition. Some have even used the term to denote a condition which others 
would call free floating Anxicty. Hence it has become necessary to construct our 
own definition in keeping with the best currect usage. Shoemaker, a liberal Christian 
counsolor, says that he believes Basic Anxiety "may be akin to the spark of life 
itself, and may have been put within us to keep us from becoming too much like vege- 
tablos.... But unless basic anxiety finds some adequato outlot and satisfaction, it 
causes us to li~e livos of "quiet desperation’ ."1 He says that some people eat and 
sleop in oxcoss as an ovorcompensation for it and some use work and pleasure as a 
refuge from it. But none of those substitutes is quite what wo wont. So life is for 
many people a series of attempts to got away from thomsolvos and to resolve their 
Basic Anxioty. He says there are only two possible centers for our basic emotion: 
ourselves or God. Basal anxiety is given a distionary definition of "the fear of 
being helpless in a potentially hostile universe."“ Horney says that this helpless- 
ness is implicit in basic anxiety, the result of being in a delemma without being 


lpr, Samuel Shoomaker, How You Can Help Other People (E.P. Dutton Co., Now 
York, 1948) p. 55. 


2p, L. Harriman, Now Dictionary of Psychology (Philosphical Library, New York, 
1947) 
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aware of it.° She also says that basic anxiety is in everybody, that it is the same 
everywhere: a feeling of being small, insignificant, helpless, deserted, endangered. 
The fear itself is often repressed. ; 


fen of the world have shown an interest in the origin of Basic Anxiety, but 
none cen agree in their varied suggestions and conjectures. Some say that there is 
a phobic element in every successive breath. Others suggest that it arises out of 
the trauma of birth, but they fail to explain why animals experience birth without 
it, or if they refer to the usual spanking at birth, there are many humans who do 
not require spanking in order to induce them in initiate breathing. Others, who 
present a religious viewpoint, suggest that man was created with Basic Anxiety. None 
of these viows is correct, because they do not coincide with the record of the 
origin of human nature in Genesis. The real cause of Basic Anxiety is the Fall of 
man, whereby he sinned against God, and has transmitted to us in some way, the sin 
nature with its inevitable accumulation of sin acts. Guilt and fear and overcompen- 
satory striving are all involved in its origin end inevitable continuance. Man was 
not created with Basic Anxiety, but he acquired it through the original sin. Thus 
we sce that Basic Anxiety has not only a relationship to the origin of sin in human 
nature, but that much of human motivation is involed as well, It is the purpose of 
this paper to outline the details of this relationship and to show the only possible 
solution of this problem in the Scriptures. 


First let us look behind the scenos and seo what human nature was like before 
the Fall insofar as this is revealod. The basic physiological drives of man were 
completely satisfied (hunger, sex, and activity) in a completely desirable way. The 
basic personality noeds (security, affection, and success) were also so completely 
fulfilled through the presence of tho Lord God, that man was probably unaware of 
those noeds as he is at present. Since the Basic Losses, mentioned later, had not 
yot been sustained, the Basic Impulses, which arise from thom, were not found in 
human nature. In other words, neithor Ego Recognition nor Ego Satisfaction® was the 
impelling force in human nature. Through the presence of God, man received all the 
rocognition and satisfaction he neoded (See Chart I). Conscience, and its com- 
ponent function -- the moral judgmont -- were intact, as shown by their reaction to 
the law laid down in Gon. 2:17. But conscience had not yet beon activated by guilt, 
and thorefore the awareness of it was minimal. Man wes motivated by the Love of God. 


Chart I shows the development of the changes in human nature from its primal 
state to its post-Edenic form. Man sustained two Basic Losses which gave rise to 
the two Basic Impulses, which are now commonly referred to by the secular psychol- 
ogists. The Basic Needs also, now no longer provided abundantly, become the occasion 
of human striving. There is also a desperate attempt to substitute one of them for 
another. The infraction of Love, has brought lovelessness into human nature to such 
an extent that he no longer has his need for affection adequately provided for. Con- 
sequently he sets up a second-best striving for security and for success. As a 
result, he is passingly content when successful or secure, but these two are only 
occasionally available to him. Also, when he finds affection, there is always a 
fly in the ointment. Consequently, he is prone to turn in frustration to his 
physiologic drives as a substitute for his inner personal needs, thus making sex 
and eating and activity ends in themselves, to satisfy his lost personal fulfillments. 


The turmoil into which human nature has been thrown by the upset of his Basic 
Needs and Drives, and the losses sustained, giving rise to the Basic Impulses, con- 
tinues to motivate him in an unpleasant dissatisfaction so that he finally settles 


‘Skaren Horney, Now Ways of Psychoanalyssis (W.W,. Norton and Company, Inc., New 
Yor':, 1937) p. 204, 
4Ibide, pe 92, 94. 


5 
T. W. Richards, Modern Clinical Psycholo (McGraw-Hill Book Co Inc. 
New York, 1946) 
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Chart I. Human Nature through the Fall. Gen. 2 & 3. 


Before The Immediate 
the Fall Fall Consequences Later Developments 
Moral Transgression Guilt Basic Anxiety Manifest Anxieties 
Judgment 
Disobedience Basic Losses - Continued guilt Cumulated guilt 

Conscience 1. Loss of recogni- 

(inactive ) Lawlessness tion, fellowship. Basic Impulses - The Sin Nature - 

2. Loss of joy and 1. Ego recognition 
Recognition Pride satisfaction. 2. Ego satisfaction The image defaced 
Satisfaction Unbelief Became aware of his One Basic Need my sub- The heart wicked 
in His needs. stitute for another; 

Basic Needs Word sex and hunger may act The flesh present 
satisfied Panic substitute wants 

(security, Deceit Like passions 
affection, Centering on the Egocentricity : 
success) Lust of self. Humanism & self worship Overt sin acts 

flesh 

Basic Drives Seven Basic Fears Hate and suspicion Basic Fears reactizable 
normal Infraction are initially 

(hunger, of love activated The Thirsts of world 
sex, (See Chart II) 

activity) Lust of flesh 
Chief Motive- Lust of eyes 
(Love of God) 

Pride of life 
The Anwser - 
Christ 
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down into a pattern of conduct arising out of these things. Stimulating him into 
activity, it spurs him on to carry out the work of the world and all its pleasures, 
as a compensation for his lack. Also the motives and urges (the Bible term is 
thirsts) arise out of his Basic Impulses. These thirsts are mentioned in specific 
detail in Chart II, but it can be seen that they easily organize themselves into 

the three “things that are in the world" mentioned in I John 2;15,16. Altogether 
thoy compriso the Sin Nature of man, the background upon which overt sin acts are 
sure to occur. Their presence is due to the fact that the heart, that inner core of 
human nature, has been distorted and rendered wicked. (Jer. 17:9). In the believer, 
these constitute the Old Man or the former self. This part of us continues to consti- 
tute a part of us and can never be converted. It must be rendered inoperative. The. 
flesh or tho lower naturo is that portion of the sin nature which is most specifi- 
cally turned in upon the bodily self in egocentric interest. 


Guilt has become constant,’ but the awareness of guilt is morely relative. 
With it come the various fears of human nature. When Adam had to face God with his 
sin, it set up a terror, described in Genesis 3, which was so sovere that tho only 
modern name for it is PANIC, in capital letters. In fact, the withdrawal of God's 
immediate presonco was a mercy to prevent man from becoming undone. Even today, 
man cannot thus face God and livo. At tho same time tho seven Basic Fears (see 
Chart II) wore originally activated, All these fears may still be activated under 
proper stimulus, but since they arc Manifest Fears they must have a stimulus. Also 
following this sevoro ordeal of PANIC, Basic Anxiety was aroused in human nature 
and continues on in its background even into the lives of believers. ‘je have 
already shovm that this so-called Basic Anxiety is really the basis of anxiety and 
that it is a motivating force which drives men on to do the things that men do in 
the world, unlike any other species. Rural electrification, battles of bulges, 
circuses, business, inventions, explorations, studies, all arise from this peculiarly 
human "stir craze" which comes to us through our Basic Anxiety. 


Neither is it possible to be rid of this Basic Anxiety even in the Christian 
life. The warning against the frankly manifest forms of anxiety at the end of the 
sixth chapter of Matthew is not concerned with Basic Anxiety, but rather with manifes? 
anxiety for the basic things of life, with which God promises to supply His true 
children, “ve are told to be anxious about nothing (Phil. 4:6) and then the peace 
that passes all understanding is promised to us. We may have all of this peace of 
mind and heart, but still we retain our Basic Anxiety. It never leaves in this life. 
"Perfect love casteth out foar" (I John 4:18). But believers do not yet have perfect 


love. 


The Basic Anxiety as well as the Sin Nature come forth from the "heart," that 
core and center of man's personality. The "heart" in Scripture seldom refers to the 
organic pump within the body (as it does in Ex. 28:29), but refers usually to that 
part of personality which was supposed to have a relationship to the bodily organ 
(and modern psycho-somatics shows that it does have such a relationship). The 
heart is not the whole personality, but it represents the whole personality, for it 
is that point at which the whole personality converges to a focus. It is the very 
essence of personality -- the real you inside, -- in contra-distinction to the varioue 
functions of consciousness and conduct which we usually study as psychology. Out 
from the heart come all the various activities of our personalities. Animals do 
not have "heart" in this psychological sense and neither do they have Basic Anxiety. 
Animals also have bodily flesh, made of molecules, atoms and cells, but they do not 
have the "flesh" in its psychological sense of the lower nature. The reason that 
animals cannot have any of these three characteristics of human nature is that to 
have them would require the presence of mental images, conceptual thinking, reasoning, 
insight, and consciousness of self as self -- all of which are entirely absent from 
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Chart II. The Genesis of Adamic Motivation 


Basic Postulates of the flesh. 
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animel consciousness -- as proved by various Scripture passages and by our own ex- 
perience with their behavior. These are possible only in that erstwhile image of 
God which we call man. 


God's ways are not our ways, and thus the "flesh" which arises with Basic 
Anxicty, due to guilt and sin, should by no means become the motivating force of 
our Christian lives. As Christians, we are told to seek the things which are above 
(Col. 3:1) and oven to sot the affections on the things above (Col. 3:2). Even 
now the Love of God is the specific cure for the manifest anxieties, and it should 
be the motivation for the Christian life, The rich motivation for the work of the 
world which is furnishod in Basic Anxiety is thus replaced by something better and 
even more abundant. Christian motivation cuts diametrically across all the lines of 
both Basic Anxiety and the manifest anxieties. Indeod, it cannot be conformed to 
the things of this world because it is a genuine transformation, which is not of 
this world. 


For instance, our foars are given this simplo sedative: "I sought the Lord 
and Ho hoard me and dolivered mo from all my fears" (Ps. 34:4). The itch for wealth 
is givon this anodyne: “let him labour, working with his hands the thing that is 
good..." (Eph. 4:28). Self-secking is givon the lethal dose; "deny the self" 

(Mark 9:34). The search for pleasure is diluted with a greater love for God 
(II Tim. 3:4). Aggression also has its potent soporific in Gal. 5:26, where we 
learn that we should not be desirous of vain-glory nor the provoking of others. 


In the face of these ideals of behavior, psychology has nothing to offer. 
Like human nature itself, it is unable to perform that which is good. Psychology is 
able to offer description of the things of Christian human nature, provided that it 
keep on scriptual grounds. It can also offer certain techniques of evaluating 
and manipulating human nature, but it can nover give tho dynamic of supernatural 
change. Only Christ can do that. But it can furnish method and pattern for the 
human effort, which partakes therein. Man must, in his heart, choose whom he will 
serve (Rom. 6:16) but only Jesus Christ, as Lord of the life, can deliver him from 
the way of the flesh (Rom. 7:25). 


Vie shall bo delivered from Basic Anxioty, and from the susceptibility to 
the Basic Fears, only when we are also delivered from the presence of sin. It is 
still normal for people to show fear of naledness, even though individuals may be 
conditioned out of it. But it is presont through-out the Christian life, We never 
become so Christian that wo become nudists. Likewise the fear of death does not 
leave us, but it makos slaves of us. "That through death He might destroy him that 
had the powor of death .... And deliver them who, through the fear of death, were 
all their lifotime subjoct to bondago" (Heb. 2:14,15). Only at the resurrection 
of the just will wo be free from the uneasiness and dissatisfactions of Bacis 


Anxioty. 


In summary, Basic Anxiety is a vague and intangible rostlessness, universally 
and’ coninuously oxperienced by humans only, as a result of the guilt of the original 
sin, tronsmittod to covery descendant in Adam's race. It gives rise to those adjust- 
ments and maladjustmonts which are so characteristic of human behavior, which are 
scripturally lmown as "tho flesh." Through the Cross, the Lord Jesus has insured 
that that dissatisfaction which we call Basic Anxicty will be cured when the body 
is redeomed and raised. "I shall be satisfied whon I shall awake with Thy likoness" 


(Ps. 17:15). 
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FIFTY YEARS OF DEVELOPINT IN ASTRONOMY AND ITS 
IMPACT ON SCRIPTURAL INTERPRETATION 


P. W. Stoner 
Chairman, Dept. of Mathematics 
Pasadena City College 


The subject could just as well have been "Thirty-five Years of Development in 
Astronomy and its Impact on Scriptural Interpretation." Or “The One hundred inch 
Telescope and the scriptures." It was the 100 inch telescope that gave the great 
impetus to astronomical research about 35 years ago. 


Genesis 1:1, "In the beginning God created the heavens and the earth." Forty 
years ago this verse was under attack. We were taught in the class room that matter 
was eternal, it could neither be created nor destroyed. You could drastically change 
the form of a given picce of matter but all of the original matter still existed as 
matter in some’ form. The conclusion, of course, was that our physical universe 
always existed, there was no creation and there could be no end. 


Today we teach in our colleges that matter can be changed into energy and energy 
into matter. We even have a formula giving the equivalence of matter in energy. Thus 
the old ground for doubting the accuracy of this first verse is gone. Not only that 
but many new findings of science point to its absolute accuracy. 1. Radioactive 
methods have dated the age of the earth itself in the general neighborhood of 2 
billion years. 2. Meteorites coming to us from outer space have been dated by the 
same process and it appears that the oldest of these are also about 2 billion years 
old. 3. The tidal efvects between the earth and the moon cause the moon to recede 
from the earth. The problem, if the moon were originally very close to the earth 
how long would it take the tides to move it to its present place, has the answer of 
about 2 billion years. 4. Astronomers have long known that the energy from the sun 
can not be prodeced by the simple cooling off of a hot body. The Astronomer believed 
atomic energy to be the main source of the sun's radiation long before the physicist 
Imew how to liberate atomic energy. It is now believed that the sun liberates energy 
in the change of hydrogen into helium. Sinco the amount of helium on the sun can bo 
fairly woll determined by the spectroscope it is possible to solve the problem if the 
sun has always givon off energy at its present rate and this energy is produced by 
changing hydrogen into helium, how long would it take to develop the observed amount 
of helium on the sun. Tho answer has been given as about 2 billion years. 5. There 
is a considerable degroe of uniformity of motion among the stars of our galaxy and 
the ondonoy is to ever increase the dogree of uniformity. Since wo can not know 
what degroo of uniformity of motion oxisted at the creation or tho boginmning of our 
galaxy, tho most oxtreme problom possible has been stated, that is, if there was 
no uniformity of motion but all stars moved with random velocities and in random 
diroctions how long would it take to reach the prosent degree of uniformity of motion. 
This probelm has an answer of about 10 billion yoars. This, of course, is the 
extreme cutside limit to the possible age of our galaxy. It is not at all likely 
that our galaxy started in such a confused state. We arc quite sure therofore, that 
the age of our galaxy is far under 10 billion years. 6. There is somo question 
about tho intorprotation of the red shift of tho spectra of the island universes. 

The velocitios indicated by the shift are tremondous,. present measured shifts 
indicate velocities as great as 600,000 miles per second, So many astronomers 

would like to find some interpretation for the shift other than velocity. Up to 

the present no such interpretation has been found. Our best authorities say that 

if the shift is not velocity its interpretation lies outside of the present ‘kmowledge 
of science. If this shift does measure velocity then all of our galaxies would have 
had a common starting point some 2 billion years ago. 
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Thus every bit of evidence which we have points to a definite beginning of the 
physical universe. The astronomer does not hesitate to speak of the day of creation. 
Two physicists from John Hopkins University have even gone so far as to attempt to 
determine how the creation took place. They have presented the startling theory tt 
the matter of the physical universe came from very dense light. They believe the 
light to have been as dense as water and that this light changed into matter to make 
the universe and that it all took place in one hour, 60 minutes. 


We should not give this theory too much weight as it is very new and will prob- 
ably undergo rapid changes. It does however, have interest as the power of God is 
often demonstrated as light and light would have been a natural source of energy for 
God to use in creating the universe. 


"In the beginning God created the heaver. and the earth,” and science says 
"Amen." 


Genesis 1:2, “And the earth was without form, and void, and darkness was upon 
the face of the deep. - - -" 


Perhaps there is no other verse in the whole Bible which has been subjected to 
such damaging criticism. The Nebular Hypothesis held sway, in the scientific field, 
for at least 150 years. This theory had the solar system start as a rather dense 
gas, disc shaped and giving off tremendous amounts of light. The critic looked at 
the second verse and said, you can not possibly believe your Bible for the second 
verse is evidently extremely erronious. He also asked, what is the verse talking 
about? ‘shat Astronomical body is shaveless, rare and dark? We had no answor. This 
condition continued until less than 35 years ago when Dr. Hubble turned the new 100 
inch telescope to the study of the spiral nebulac. At this time the spiral nebulae 
were thought to be solar systems in the process of formation. They were thought to 
be members of our own galaxy and in various stages of solar system formation. In 
fact, the photographs of spirals was one of the very strongest evidences for the 
truth of the Nebular Hypothesis. The 100 inch telescope was powerful enough to re- 
solve some of the closer spirals into individual stars. These nebulae were found to 
contain tremendous numbers of stars, they also contained variable stars, star 
clusters, bright and dark nebulae, etc. 


Later, cepheid variables were isolated in a few of the nebulae, their periods 
were observed and their distances computed. The spirals were found to be far outside 
of our own galaxy. In fact, they were galaxies very similar to our own. 


This was a serious blow to the Febular Hypothesis, but the death blow came when 
a mathematical physicist set himself the problem, if we should have a hot gaseous 
body, disc shaped and rapdily rotating what will happen as it contracts? The answer 
came out that if it divided it would divide making two nearly equal bodies, Since 
the sum of all the planets is less than one tenth of one percent of the mass of the 
sun they could not have been formed as the Nebular Hypothesis indicated. Thus the 
Nebular Hypothesis died and in its place sprang up the planetessimal and tidal theories. 
These were short lived as they were both shown to be theoretically untenable. For a 
considerable period of time we were without any theory regarding the formation of 
the solar system. During this time the stellar sequence was developed and was quite 
generally accepted. It started a star as a tremendously big gaseous body just hot 
enough to glow red, it then contracted, heated up and went through a long period of 
changes before becoming a dead body. Of course, we all had to wonder just what the 
star was before it became hot enough to glow red. So during a considerable period 
of time the concept of a new astronomical body coming from a nebula grew until it 
met noarly universal acceptance. During this last year the concept of a solar system 
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coming from a diffuse nebula has been put in the form of a theory and has the promise 
of general acceptance. Dr. Henry Norris Russell has said that they are observing 
collections of matter in several diffuse nebulae and expect eventually to have 
observational evidence that new stars do evolve from diffuse nebulae. 


Up until 55 years ago dark spots in the sky were thought to be holes, through 
which we were looking out into outer space. Soon after the 100 inch telescope was 
put into service it made a photograph of one of these spots and proved it to be a 
dark cloud. There followed an intensive study of dark nebulae. They were found 
to occur in every conceivable shape, they were found to be extremely rare and cer- 
tainly dark. Dr. Alter, director of the Griffith planetarium, in a lecture on 
nebulae, quoted this second verse and said that that was the best description of 
a& dark nebula that had yet been written. 


This second verse thus is no longer a point of attack on the scriptures but 
stands as remarkable evidence of the inspiration of the Bible as it was probably 
written 4000 years before a dark nebula was discovered. 


"And the earth was without form, and void, and darkness was upon the face of 
the deep - =." Again science says “Amen." 


Genesis 1:3-5, “And God said, Let there be light; and there was light. And God 
saw the light, that it was goods; and God divided the light from the darlmess. And 
God called the light Day, and the darlmess he called Night. - - " 


It was carlier thought that the earth came off from the sun and shared its 
heat, merely a smaller star. If this had been true it would have given off its own 
light and there could have been no night. A limiting size has now been set for a 
star. If it is less than 1/100 the mass of our sun it will be too small to forma 
star. Our earth is only 1/333,000 the mass of tho sun and therefore never could 
have been a star. It had its day and night as soon as the sun became hot enough 
to shine. 


Genesis 1:14-18 "--" 


The critic has used this passage saying, your Bible claims that vegotation was 
on the earth before there was a sun, but vegetation can not exist without the heat 
and light from the sun. Tho sun was croated in verse one and its shining on the 
earth is recorded in verses 3 to 5. Here it is made to shino on the earth so it can 
be used “for signs and for seasons, and for days, and years." Geology and Physics 
together tell us that the earth in an early stage was warm, so warm that most or 
all of the free water was in the atmosphere. The clouds wore very dense, so donso 
that thore wore tropical conditions from pole to pole, evory place was warm and vory 
humid, there wore no broaks in the clouds. Thore was no rain,only dampness and mist. 
The clouds broke bofore the dovonian period and thon vory hoavy rains and great 
crosion ensucd., Gonesis 2:4-6 says, " - - tho Lord God made - = overy plant of the 
field beforo it was in the earth, and ovory herb of the fiold before it grew; for 
the Lord God had not causod it to rain upon the oarth - - But thore wont up a mist 
from the carth and watored the wholo faco of the ground." This refers to the time 
whon God created vegetation, so both scioncoe and the Bible agroe that tho clouds so 
completcly ¢ovored the carth that the sun could not have boon used “for signs, and 
for seasons, and for days and for yoars," until a time bofore the advent of fish as 
recordod in this Genesis account of vorses 14 ~- 18. Thoy also agree that before this 
time tho oarth was a perfoot hot house, just suitod for the introduction of vegetation 
The Biblo implies that tho clouds first broke betwoen the pre-cambrian and devonian 
times, that the sun then first appoared and hoavy rain first foll upon tho earths 
This sounds liko a chaptor from Historical Goology. 
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Thus recent developments in science have shown that there was a creation of the 
physical universe as stated in the first verse of Genesis. It has even set a date 
for that creation. It has shown that the earth probably came from a diffuse nebulae 
and most likely from a dark nebula as stated in the second verse. That the earth 
was never @ star but always obtained its light from the sun as implied in verses 3-5. 
It has shown that the earth in its early stages was completely covered with dense 
clouds and that the clouds broke before the advent of fish as stated in verses 14-18. 


That there was no rain on the earth until after the advent of vegetation, just as 
stated in Genesis 2:4=6. 


Time’ after time, in my own life, I have seen a disagreement between science and 
the Bible, then I have seen changes come in seience which have proved the truth of 
the scriptural account. Nover have I seen science once agree with the Bible and 
lator change so as to contradict it. I have often seen it make additional changes 
which have further strengthened the former agreement and have helped to clarify the 
interpretation of tho scriptural account. To the best of my knowledge there remains 
no statement in the Bible with which Astronomy in any way disagrees. 


GERIATRICS AND THE BOOK OF ECCLESIASTES 
Thomas Me Durant, M.D., F.A.C.P. 


Thero is a great noed for discussion by physicians of the manner in which the 
Word of God may be used in the consultation room to supplement the other methods of 
medical practice. It is my conviction that the Bible is an indispensible item on 
the doctor's desk, and that prescriptions from its pages should be an important part 
in his therapeutic armamentarium. It is with theso thoughts in mind that I have 
presented a brief discussion of the book of Ecclesiastes in relationship to that very 
important field of medical practice, Goriatrics, or the science which deals with 
the processes of oging. 


Recently there camo to my office a 65 year old widow whose presenting complaints 
were largely referable to the cardio-vascular system. Ordinarily in a person of 
this age one would expect such complaints to be based on organic disease, but in 
this instance complete investigation revealed a heart and vascular system which were 
very normal for her age. Furthermore the history obtained at the first visit strongly 
sugcested a background of emotional disturbance, the somatic complaints appearing 
only as surface manifestations. Such was proven to be the case as the affective 
element in the patient's difficulty was umcovered. She was a woman of Germanic stock 
whose perents had migrated to this country in her youth ond had managed to provide 
the necessities cf life for their children only by dint of constant hard labor. In- 
tegcrity had been the keynote of the parental instruction. The married life of the 
petient had been one of mixed happiness and drudgery, and strict economy had made 
possible the building of a reasonably comfortable nest egg. Following the death of 
her husband, however, the patient fell a victim of men who preyed upon a widow's 
gullibility, and, for the first time in her life, she was faced with the realization 
of the depths of deceit which lie behind the apparently trustworthy exterior of 
certain fellow mon. The loss engendered bitterness which was projected in the form 
of racial hatred, an emotion which was in conflict with her own idealized image. 
Thus she had entered the evoning of life in emotional turmoil, completely disillus- 
joned, and with practically no spiritucl resources to turn to for solace. 
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An example such as this one is by no means isolated in medical practice, In 
fact, the more physicians have come to stress the ever expanding problems of our 
increasingly aged population, the more it hasbeen realized that the psychological 
difficulties of senescence are of the utmost importance. If medical science is to 
increase the life span of human happiness and contentment to run parallel to the 
increasod chronological life span, provision must be made to alleviate the factors 
which detract from the former. The development of psycho-somatic medicine as applied 
to geriatrics is an important step in this direction, but this is not enough, sinco 
man is trichotomous, not dichotomous. We must therefore stress what Dr. Wm. Witeley 
has termed PiEUMO-PSYCHO-SOMATIC medicine which pleces proper emphasis upon the im- 
portance of the Spirit or Pneume in life, 


As one listens to the storics of the aged and the aging one cannot but be im- 
prossed by the fact that many of their deeper thoughts are a paraphrase of the book 
of Ecclesiastes, though most of them arc, of course, unaware of it. It is the view- 
point of man “under the sun," and all is vanity and vexation of spirit. The patient 
reforrod to at the beginning of this paper might well havo said, as did the author 
of iicclesiastes, “There is a vanity which is done upon the earth; that there be just 
men, unto whom it happeneth according to the work of the wicked; again, there be 
wicked men, to whom it happeneth according to the work of the righteous; I said 
that this is also vanity" (Eccles. 8:14), 


Numorous other examples could be cited from Ecclesiastes as descriptions of 
common sencscent viewpoints, but time permits the elucidation of only two others. 
One of these concerns the man whose life has been centered around his business. He 
has worked hard with but few vacations and the development of no hobbies. Success 
has attended his efforts, but throughout the years he has dreamed of the day in which 
he might enjoy the fruits of his labors upon retiremont. When that day does come, 
howover, the fruits are found to bo bitter in his mouth. Recrcation based upon 
physical exertion is denicd him. His years of swivel chair existence havo prevented 
comilote motabolism of his rich diet and tho linings of his important arteries are 
swollen with fot preventing sufficiont incremonts of blood supply to permit oxertion 
without pain or shortness of broath. Furthormore, the years of rigid adherence to 
wor!: do not now pormit the suddon devolopment of ability to enjoy relaxation. Great 
restlessness is the result, and, if he tries to alleviate this by dabbling a little 
in business once more the younger generation which is now enjoying the management 
of his business finds his methods far too conservative for their more youthful spirits 
and disagreements arise which may be quite serious. Anxiety reactions and a feeling 
of loneliness are quite likely to result. In some instances there may be added to 
this the fecling that the younger generation is waiting for the day when his resources 
will be divided. We then turn to Ecclesiastes 6:1 (Moffatt) and read, “There is 
indeed an evil I have seen under the sun, that presses heavily on men--God making a 
man rich, wealthy, and honoured, till he has everything his heart desires, and yet 
he is unable to enjoy it; an outsider gets the good ot it. This is vain, a sore 


misfortune." 


The other senescent viewpoint which we will discuss is the lamentation which 
we hear in practice so often over the physical handicaps of aging, and the difficulty 
which is exverienced in achieving acquiescence to these degenerative manifestations. 
In Ecclesiastes this is expressed in a fashion which has often made me marvel at the 
powers of observation of the author. If symbclism were not used in the wording, 
one could well imagine the description to be that of a well trained clinician. In 
verse 3 of chapter 12 there is first mentioned the trembling of “the keepers of the 
house," or the arm tremor, presumably of paralysis agitans, which is such an ex- 
tremely common neurological disorder of senility. This is followed by a reference _ 
to the fact that “the strong men bow themselves." Here the bowing of the legs which 
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results from the lessened activity of osteoid tissue in bones following the decline 
of adrenal stimulation is described. This is followed by a reference to the loss of 
teeth and to the decline of visual activity which are so commonly the lot of the aged. 
In verse 4 there is allusion to the auditory difficulties of aging, the early rising. 
of the elderly, and the feeble voice that is characteristic of extreme senility. 
Verse 5 refers to the anxiety states, the white hair, and the feebleness and impotence 
of the aged. Verse 6 refers apparently to the three most common terminal events of 
life. The “loosing of the silver cord" (the spinal cord) and the breaking of the 
"golden bowl" (brain) would seem to indicate the hemiplegic death of cerebral hem- 
orrhage. "The pitcher broken at the fountain" may well refer to the death in respir- 
atory failure of pulmonary emphysema cases since the lungs are filled entirely by 
the offort of surrounding muscular structures, and are therefore in a sense passive 
as is the pitcher in the function it serves, Finally, the “wheel broken at the 
cistern" seoms to refor to the ancient method of water supply whereby a system of 
conduits was supplied by a rotary wheel at the cistern. We therefore can visualize 
this as a reference to cardiac and circulatory failure. "Then shall the dust return 
to tho earth as it was and the spirit shall return unto God who gave it. Vanity of 
vanities, saith the preacher; all is vanity." 


Tho physician has therefore in the book of Ecclesiastes a presentation of the 
foolings of futility and despair which belong to a senescent individual whose life 
has been lived "under tho sun." One is struck by the fact that the viewpoint is an 
entirely selfish one. It is of interest that the personal pronoun "I" is used 87 
times in this short book. Nowhere are we led to believe that tho author may have 
dedicated the utilization of his God-givon gifts for the benofit of his fellow man. 
On the contrary, every attempt had apparently been made to use those gifts for tho 
gratification of his own’ sonses, and, as with tho narcotic addict, increasing dosage 
was constantly nocessary, leading to final complete disaster. It is of interost to 
montion at this point that Geriatric texts rocognize the thorapoutic importanco for 
tho olderly of attompting to stimulate these people by indircct suggestion toward 
attempting to alleviate the distross of others less fortunato than thoy aro. 


In giving us this book of Ecclesiastes in tho Canon of Scripture, the Holy Spirit 
provided for us a picture which domands en answer, and, at the samo time, shows us 
very definitely that the answer is not to be found “under the sun." If a man who 
was as richly blossced as tho human author in all that this world has to offer can 
only say as he contomplates lifo under the sun that it is altogothor vanity and 
voxation of spirit, thon it is ovident that man must look to God for the realization 
of his hopos and aspirations. It is an oxample of Vority through Vanity. In pointing 
out to our pationts the fact that their viowpoints are cchooed by a man who had all of 
the human advantages of tho author, wo aro happily enabled by a loving God to presont 
to thom the fulness of His rovelation. We can turn to tho 7th Chapter of Romans to 
show once again the human viewpoint as depicted by Paul (the porsonal pronoun 'I' 
is used 34 times in this chaptor), and then show that this is followed by that magnif- 
icont 8th chaptor which begins with "no condemnation" and onds with "no separation." 
This glorious answor through the lovo of God which is in Christ Jesus our Lord is, 
of courso, tho final and porfect answor to all of tho strivings of man under the sun, 
and is the. keystone to tho Penumo-psycho-somatic approach to medicine. 


In conclusion, there is one moro point which should be strossed from tho teach-_ 
ings of Zeclosiastes, and this bolongs to the realm of prophylaxis rather than treat- 
mont. In tho first vorse of tho final chapter wo road, "Romembor now thy Creator in 
tho days of thy youth." This powcorful word of advico to the young takes into account 
the fact that there is a fixation of thought processes in the eldorly, and to produce 
major doviations from the woll worn ruts of habit is extromoly difficult. Tho 
nouronal pathways follow courses through areas of low synaptic rosistanco, rosistanco 
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which has beon lowored by oft-repoated stimuli throughout the years. Thus it 
becomes oxtromoly difficult for the olderly to bo showm a now approach to any problon, 
and this is no less truo in spiritual matters than it is in tho world of the material. 
“ve can well understand then why it is that, with advancing years, the likelihood of © 
a person accepting Christ declines rapidly, and those who have had much experience 

in the field of evangelism tell us that this decline is practically in direct pro- 
portion to the age. ‘je must therefore realize the tremendous importance of giving 
the ‘iord of God to the young, long before the time when, in the words of the Preacher, 
the evil days come, and the years draw nigh when they shall say they have no pleasure 
in then. 


MODERN PHYSICS AND CHRISTIAN FAITH 


Aldert van der Licl 
Prof. of Physics 
Univ. of British Columbia 


a) Physics is an experimental science, based upon observations and experiments. 


This statement needs very little comment, it just describes what happens in a 
research project in physics. If a certain ohenomenon is investigated, a number of 
observations are made, if possible under varying initial conditions, and it is then 
tried to give a clear representation of those observations. This sometimes only 
leads to a conclusion, sometimes to a general principle, usually stated in a math- . 
ematical form. If this result is achieved the investigation can be said to have 


been successful. 


the mathematical formula or the general principle usually states more than the 
sum of a11 the observations made and it has to be investigated whether all the further 
conclusions which can be drawn from it are also verified by experiments. 


I mentioned that one always tries to vary the initial conditions of the experi- 
ment. This is a very important part of the work, if it cannot be done, the work 
becomes iuuch ore difficult and progress is usually slow. In order to vary the 
initial conditions one has to be able to control the process which is investigated; 
as I said before this is not always possible but it is highly desirable. 


As an example take the study of mesons, heavy ionizing particles having the 
same charge as an electron but'a mass in botween the mass of an eloctron and the 
mass of a proton. These particles are present in cosmic rays; one had studied those 
rays for many years, had discovered the particles as one type out of the great many 
kinds which were present in those rays, but one could not control the processes in 
which these particles appeared. Last year physicists in Bor*eley were able to male 
mesons in their new powerful cyclotron. One can be confident that progress in tho” 
study of those particles will bo much more rapid from now on, as one can not only 
control the process but also make mesons in much biggor quantities than occur in 


cosmic rays. 


b) The aim of a theory is to interrelate the various observations and to give 
a unifiod ‘doseription of them. 


After having investigated one phonomenon the task of an experimental physicist 
is not finished; there are a large number of other phenomena which can be investigated 
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in a similar way. The next step is now to find rolations between those phenomena 
and it is tricd to doscribe tho various obscrvations by a single thoory by starting 
from a fow woll ostablishod facts or from a few hypotheses. This is tho task of tho 
theoroticcal physicist, who mas as his aim to covor as many phenomona as possiblo by 
a singlo thoory. 


Usually tho thoory states much more than 211 the observations mado so far and 
it has to bo invostigated whothor all further conclusions are also vorificd by ox- 
porimont. If thoy aro thon the thoory has got a more solid foundation; if they are 
not then the theory has either to be abandoned or to be improved. Usually, even for 
very successful theories, one finally comes at a point, where new phenomena are en- 
countered which cannot be described by the existing theory. This may alter the whole 
picture drastically; I only have to refer to the beginning of the quantum theory in 
order to indicate how large the change can be. Such events cause the dynamic charac- 
ter of science, duc to which the theory of today may be found to be wrong tomorrow. 


Theory and experiment go side by side. If divorced from experiment, the theory 
becomes speculation; experiment without theory can only consist of assembling data and 
has very little future. The theory has to guide the experiment just as the experi- 
ment has to guide the thoory. The progress of physics during the last two centuries 
is chiefly due to this closo connection between theory and experiment. 


c) Hetablished fact and hypothesis. 


The basis of physics is that the observations made are to be considered as 
established facts in so far as a repotition by other investigators gives the same 
results, A thoory is not an ostablished fact itself, though it may become so in 
face of furthor ovidonco. It is just a thoory and nothing moro; one has always 
to be open for tho possibility that it may havo to bo abandoned in view of further 
developments. 


I said that some hypothesis may become so firmly cstablishod by further evidonce 
that ono may consider them as oxperimontal facts. About 150 yoars ago tho molecular 
thoory was no moro than on hypothesis, mado in order to give an adequato doscription 
of somo facts in chomistry and physics. Today tho cvidenco in favour of thoir cxist- 
ence is so largo that nobody has any doubt about it. 


Not all thoorics sharo this fato. About a fow hundred yoars ago onc introduced 
tho ether in ordor to visualiso tho fact that light boheavod as if it consisted of 
transvorso wavos; ono uscd tho argumont that one had to postulato a modium for this 
wavo motion. The samo othor had to be used somewhat lator in order to visualiso tho 
basic phonomona of oloctromagnotism. Tho link betwoon the two fiolds was ostablishod 
by Maxwoll who founded tho oloctromagnetic thoory of light. About 50 yoars ago somo 
physicists boastod that tho other was ono of the best known substancos of tho world. 
Today tho picturo has changod considcorablys most physicists do not belicve any moro 
in tho othor. Thoy havo reoalisod that tho othor was only a moans for visualising 
cloctromagnotic and light phonomona; thoy could thoreforo abandon tho whole othor 
concept without changing tho mathomatical ag which doscribo oloctromagnotism 


d) Physics is o doscriptivo scioncc. 


Physics is not a philosophy; it doos not discuss tho "naturo" of things, but 
it desoribos sufficiontly what phenomenc occur, how thoy occur and what we can do 


with thom. 
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We still do not know anything about "the nature" of gravitation, but we know 
that the inverse square law (or the relativistic generalisation of it) holds and 
that is sufficient for astronomical applications. We know nothing about the nature 
of an electron, but we Imow its charge, its mass, its angular momentum and its 
magnetic moment; we also ‘now the basic laws of the quantum theory and that is suffi- 
cient for giving an adequate description of atomio and molecular spectra. It also 
enables us to put the electron to work for us in radio and television with so much 
success. 


In none of these fields it is tried to discuss the "nature" of things and still 
the progress has been spectacular, If we try to make science more than a descriptive 
science we just make it less as such an endeavour is usually accompanied by a dogmatic 
attitude. Scientists in the middle ages talked a great deal about the nature of : 
things but did very few experiments and progress was therefore slow. If we keep 
physics within these limits and do not develop it into a philosophy, good progress ~ 
will be made and it will have a great influence upon every sphere of human life. If 
it is tried to use physics in order to arrive at the "nature" of things physics will 
have much less influence upon many aspects of human life, but its influence upon 
religion may easily become disastrous, as its truth will then have a much more 
absolute character to which other truths, even religious truth will be subjected. 


e) Analogies. 


One can perhaps male a distinction between direct descriptions and analogies. 
Direct descriptions can be used if we have some notion of the quantities which are 
introduced in the theory. Analogies are used if we do not have such a direct notion 
of the concepts, we then relate the unknwon to the already mown. 


As an example take the quantities introduced in mechanics. Everybody knows 
what is meant when we talk about particles, about their position, velocity, acceler- 
ation and about the forces working upon them. The description of mechanios, though ~ 
perhaps somewhat difficult for young students here and there, is completely in terms 
of those quantities. In the case of electricity, however, we use analogies in a 


large number of cases. 


verybody can visualise wave motion from the motion of water waves. He can also 
understand the phenomena of interference and diffraction from those waves. It is 
then observed that in sound and light those phenomena of interference and diffraction 
occur too and we therefore conclude that sound and light can be described by saying 
that it is just as if sound and light are wave phenomona. This was at first only an 
analogy. Further evidence showed that in the case of sound the air molecules are 
really vibrating longitudinally, so that we may drop the words "as if" and say that 
sound really is a wave motion of the air. We cannot say that something really 
vibrates in the case of light (unless we introduce a hypothetical ether) therefore 
we might botter say that to call light a wave phenomenon is on analogy. 


Analogies are oxtremely usoful, bocause they indicate that an unknown problem 
can be solved in the same way as a familiar ono; thoy aro thorefore widely used in 
physics. Thoro is e.g. an analogy between the flow of curront in an inhomogenous 
conductive medium and betwoen tho distribution of the electirc field strength in an 
inhomogenous dielectric medium. Those who are familiar with one type of problem 


can immediately solve the other type. 


The danger is, however, that an analogy is taken to be a reality and that the 
two words “as if" are omitted. In that case only confusion will result. I only 
have to refer to many old textbooks on electricity, in which one happily used 
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analogies and thought that they were established facts. It is very illuminating to 
read in this respect A. O'Rahilly's book; Electromagnetics (Longmans, Green and Co.). 
Though not everybody will always agree with his statements, his criticisms are 
usually well-founded, his ideas are thought-provoking and his collection of wrong 
statements in textbooks is instructive and amusing. 


Ii physics is thought to tell us something about the "nature" of things then 
there is always the danger that an analogy is taken to be a reality. If physics is 
thought to be a descriptive science, this danger is much less acute and analogies 
can have their rightful place. 


f) Differentiation and synthesis. 


Two opposing tendencies are always at work in science, differentiation and 
synthesis. By the process of differentiation a more primitive science is spread in 
many different directions. As an example the natural sciences of the 16th and 17th 
century spread into physics, astronomy, chemistry and biology. In the process of 
synthesis side-links are built between thoso new pathways of science. Astrophysicists 
have transformed the Universe into a large physics lab in which physical principles 
are tested in a way not dreamt of a few generations ago. Wave mechanics has linked 
chemistry and physics together by means of the theory of the chemical bond. Bio- 
physics and biochemistry are building links between biology, chemistry and physics. 


Both processes are always at the same time and complement each other. If 
differentiation is overemphasized, one will be finally left with as many theories as 
phenomena, which is certainly not very satisfactory. If synthesis is overemphasized 
one will in the end try to synthesize even those phenomea which have no connection 


whatsoever. 


For it is not certain beforehand that two phenomena are related, and is evon 
wrong to assume that they have to be related. It is the danger of a synthetic point 
of view that such an assumption 1s made where it should not be made. But it is 
worth while to investigate whether the phenomena are related and it would be wrong 
not to make at least an attempt. And one should not be too much biassed in favour 
of ono of the tivo possibilities unless one has studied the presence or absonco of a 
rolationship. That is a dogmatic attitude which has no place in science. 


If one has discovered a new principle, it is wrong to assume that it has to be 
applicd to all fields. But it would be equally wrong not to try whother it can be 
applied to somo othor fiolds too. If it can, then it may lead to startling devolop- 
ments; if it cannot then one has to accept this fact at least for the timo being. 


It is dangerous to apply important principles to other fields if one has not 
sufficiont kmowledzo of that ficld. A physicist might better stick to his own job, 
for there is still a large amount of wor!: to bo dono in his own ficld. As an example 
take Heisenberg's uncortainty principlo. Aftor its discovory it was arguod that this 
principle proved tho human free will. Aftor this principle the uncertainty in 
momentum 4 p timos tho uncertainty in position 4x is of tho samo order of magnitude 
as Plancl's constant h. This principle scoms to hold in atomic physics, but from 
thero to tho human will is a very large stop. And suppose this stop is made, in 
what way do wo have to find tho frocdom of this will? I know that Planck's constant 
is a vory small quantity; does that mean that the limits between which the human 
will is a free will are quite close together too? Is not it much better to leave 
this problem to those people who have been thinking about it in the past? 
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€) Dogmatism in soience. 


I said before that dogmatism had no place in science. It is not always of a 
dangerous type; as such it occurs in popular science books, when very generalised 
statements are made about the nature of things. One notices e.g. in modern »hysics 
a tendency for abstract reasoning which is chiefly caused by the fact that concepts 
are used which are not familiar to us in every day life. But it would be wrong to 
conclude that all concepts in physics are of the abstract type. And it is even more 
wrong that they are "mental concepts." I doubt very much whether anybody who has 

. such an extreme point of view will not be oareful enough to stay away from intense 
beams of fast noutrons. Otherwise he will soon find out that these “mental concepts" 
are highly dangorous! 


More scrious is when one extends a certain principle to the whole universe and 
to every aspect of human life. It is dangerous, because it may have serious con- 
sequences on politics, religion and on the whole human society. As an example take 
the deterministic point of view in the nineteenth centruy. After Newtonian mechanics 
the path of a particle is known as soon as the law of motion and the initial position 
and velocity are known. This result was then oxtondod to the universe and to human 
life. Nobody ‘mow whother the principle could be applicd to human life and nobody 
soomed to care oithor. Ono happily did so and called tho rosults “sciontific." 

It was complotely unsciontific of course, for a real scientific avproach should 
always be opon to tho possibility that a principlo which is assumed to hold in a 
particular fiold may later bo found not to hold undor all circumstancos. Anda . 
scicntific approach is much moro critical in applications to other fields. Tho irony 
of history is that tho above prinoiple docs not cvon hold in atomic physics; after 
Hoisonborg's uncortainty relation ono cannot know all tho initial conditions at the 


samo timo. 


We aro facing hore a vory common orror in human thinking; it is no oxaggeration 
to say that practically all prosont and past -isms can be tracod to an orror of this 
typo, that a principle which may bo uscful in somo ficlds is oxtonded dogmatically 

- ovor all ficlds and to every aspect of humon lifo. One finds tho important part 
which horedity plays ond ono concludes dogmatically that ovorything is dotormincd by 
heredity. One finds the important influence of environment upon human behaviour and 
one concludes that all crime will disappear if the environment is changed favourably. 
Or one notices the importance of your economic position upon your outlook of life and 
one puts forward the principle that all human behaviour and all human thinking is 
determindd by economic factors. In oll these cases there is a certain amount of 
truth in the ideas which are put forward; what is wrong, however, is that it is 
assumed to be the whole truth. And “the whole truth" is a very intolerant concept. 


In the previous sections I said that physics does not discuss the nature of 
things. One should not have the idea, however, that I think it to be objectionable 
to discuss the nature of things. But one should make clear that one is not doing 
physics when one does so. There is no direct objection against discussing tho 
reality of the outside world or the probability of a creation or the possibility of 
the existence of a Croator with the help of data supplied by physics. Whether or 
not objections have to be made depends upon the certainty of the results obtained 
and upon the way in which they aro obtained. In the case of religion objections may 
also have to be mado if tho results obtained are in contradiction with tho Christian 


doctrine. 
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In face of the existing astronomical and physical data it seems to be justified 
to assume that many things had a beginning. If radioactive elements had always 
existed they would all have decayed in the past. This is a very strong and sound 
argument, at least in view of our present state of knowledge. It is already more 
speculative to derive a similar argument from the expanding universe. Cosmological 
theories seem to indicate that the universe "started" a few billion years ago. It 
is tempting to call this beginning "Creation" but it is wiser to be cautious; the 
few observations which led to the concept of the expanding universe are open to 
other interpretations. In a recent paper in "Nature" (Feb. 5, '49) the idea is put 
forward to combine tho ideas of an infinitely old universe with the idea of a "con- 
tinuous creation" of matter. (Instead of "creation" one might perhaps better say 
“appearance” of matter, for the Christian concept of creation is certainly different). 
These speculations are extremely interesting but it would be unwise to tie our faith 
in the Creator to them. 


Sir James Jeans once wrote that the mathematical structure of physics showed 
thet the great Architect of the universe was a great mathematician. He derived this 
freu the fact that physics could be so beautifully described by mathematical theories. 
But who is this great mathematician behind these theories? Might not it be after 
all the enlarged picture of the theoretical physicist himself who built this struc- 
ture? 

But why should one go to so great efforts to arrive at so meagre and vague 
results? ‘Would not Christians do infinitely better when at this particular point 
they confessed openly their faith in God the Creator, in Jesus Christ, our Lord and 
Redeemer and in the Holy Spirit, our Comforter. Those which do not believe might 
otherwise got the wrong impression that our faith rests upon such doubtful and vague 
grounds. 


For let us make one thing clear to them. The answer to the question whether 
thers is religious truth and where it can be found does not come from physics or any 
other science. It comes from God Himself, from His revelation in Christ. The mes- 
sage of God's love and mercy towards us comes through the mouth of the prophets and 
Apostles, not through the mouth of scientists. The only work scientists can do in 
this respect is to say: "Amen" and to accept this mossage. 


This is not a condemnation of science; scionce certainly is one of the greatest 
achievemsnts of modern man and it certainly deserves its rightful place in the modern 
world. But it has its limitations, if we had to rely upon it for religious truth, 
we would still live in religious ignorance. Let us be thankful for it, for it 
relieves us from the task to seek God in and through science. God's revelation in 
Christ shows that this would be only a blind alley. It also opens up the possibility 
to work in our field of science without the constant fear that our next discovery 
might damage our faith beyond repair. Our certainty is in God and not in ourselves, 
our faith is a free gift from His hand and not our own achievement. For that reason 
we may say with the apostle Paul: "Nothing can separate us from the love of Christ 
(Rom. 8:35). 


i) Physics and the Bible. 


Much has been written about the existence or non-existence of harmony between 
science and the Bible. As our faith may be strengthened by a great many things of 
only relative importance (though they were not the origin of our faith) it is per- 
fectly right to say that any harmony between science and the Bible may strengthen 
our faith. But it is certainly wrong to say that any lack of harmony between science 
and the Bible must weaken our faith. For the certainty of our faith does not rest 
upon such an agreement but it is in the hands of Him who revealed Himself to us in 


Christ. 


fa 
an 

‘ og oe ma: 

Lh for 

gor 

goc 

vas 

; in 

[2 i x J pas 

mat 
org 

is 

tho 


SPIRITUAL TRUTHS IN MATHEMATICS 


Angeline J. Brandt 
Prof. of Mathematics 
Wheaton College 


Introduction 


One may well question the title of this paper for surely few people would think 
of finding God in a mathematics lesson. One expects the manner of presentation of 
mathematical material in a Christian institution to be the same as that in any 
university. It is agreed that the mathematical facts presented would necessarily 
be the same. However, I have found that there are certain analogies between these 
facts and spiritual truths and it is a delight to bring these to the minds of students 
.and urge them to make some of their own comparisons. This does not mean that the 
mathomatics lesson becomes a time of devotion nor does it mean that an endeavor is 
made to spiritualize cverything. Just a passing remark is made and it seems that 
the mathematics involved is remombered longer because of the illustration given. A 
few examples will show how this is accomplished. 


Postulational Thinking 


Nearly every person, whether engaged in scientific work or not, will some time 
in his life bo confronted with postulational thinking. By postulational thinking, 
we mean simply deductive reasoning that is based on some defined torms, undefined 
torms and beginning axioms and postulates, In everyday lifo, certain decisions and 
judgments aro mado by postulational thinking when definito rules havo boon sot up 
governing the problom at hand. Euclidcoan geometry is the classic oxample of a 
geometry built upon postulates. But when a mathematician decides to build a new 
geometry or some other system of mathematics, he sets up his system of postulates 
and then is careful that no violation is made of this system. These postulates must 
be consistent. They need not be eternal verities since for each system they are 
only human assunptions. However, it is necessary that there be certain basic prin- 
ciples and definitions upon which to build. A mathematician, who has a sense of the 
vast consequences which arise from certain antecedents, can surely appreciate what 
it moans to establish one's faith firmly on an eternal verity like John 1:1, "In the 
beginning was’ the “Jord, and the “Jord was with God and the Word was God." If one 
believes this, other important truths will follow. There is the “if-then" reasoning 
in postulational thinking. If by faith we accept the truth that “in the beginning 
God" we procoed upon a firm foundation and can build our thinking upon such a fact. 


Usually people classify sciontists as people who know and it is rarely felt 
that faith is an essential clement for a sciontist. Presidont George D. Birkhoff, 
past president of tho American Association for the Advancement of Science, stated 
somo few yoars ogo in his rotiring address to that body that "whether it is the 
mathematician doaling with numbor, or the physicist with mattor, the biologist with 
organism, tho psychologist with mind, or tho sociologist with social valuos, there 
is behind ono and all an inhorent faith guiding the reasoned superstructuro which 
they create upon intuitional concepts." Ho emphasizes faith as an “houristically 
valuable, moro gonoral point of viow, beyong reason, often in apparent contradiction, 
which the thinkor rogards as of supremo importance as he endeavors to give his con- 
clusions tho groatost possiblo scope." If an outstanding mathematician rocognizes 
the novd of faith in sciontific reasoning, is it not plausiblo that we must accopt 


+5, W. Lasloy, Jr., “Mathomatics ond tho Sciencos," Mathomatios, Our Groat Horitage 
(New York: Harpor and Brothers, 1948) p. 190. 
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certain facts by faith? "Through faith we undorstand that tho worlds have been . 
framed by the word of God, so that what is soon hath not beon mado out of things 
which do appoar " (Hobrows 11:3). Eithor wo accopt tho Word of tho Scriptures by 
faith or wo havo to rojoct it on tho grounds that the principles dorivod from tho 
facts in it aro untonablo. It would socom that a mathomatician then might reasonably 


be the one who would rocognizo the nood of faith rathor than tho ono who would say, 
"If it cannot be domonstrated, I will not beliove." 


As before mentioned, a set of postulates must be consistent. One can not 
violate or disregard any of them when establishing a new mathematical system. If 
one does so, he may find it necessary, in the end, to discard a whole body of truth 
thoughtto be correct. A person may not be willing to accept one law or truth found 
in God's Word and may feel that as long as he accepts the majority of the Bible, all 
is well but he may rest assured that the discarding of part of the Word is the begin- 
ning of disaster, Is it any wonder that the solemn warning is given in the very 


last chapter of the Bible concerning “taking away from the words of the book of this 
prophecy?" (Rev. 22:19) 


There is no branch of mathematics which needs fear a searching into its founda- 
tions. A scientific study of the foundations is welcomed from century to century. 
The bases of Euclidean geometry have been more firmly fixed through a thorough search 
into its foundations. Christianity, too, need fear no searching inquiry. Throughout 
_ the centuries, Christian scholars havo investigated the basic truths of Christianity 
but all of this inquiry has only led us to know more assurodly that the truths of 
God's ‘Yord aro eternal verities. Mathematics is a body of consistent thought which 
has maintained itsolf for gonerations and has withstood the attacks of logic and 
the tests of practical life. The certainty of mathematics is not absolute; it is 
relative. But as Profossor Carmichael of tho University of Illinois has suggested 
wo havo a moral cortainty for the consistency and permanonce of mathematical truth 
for “whon thousands of porsons through thousands of yoars oxamine thousands of 
theoroms proved by numerous mothods and in numerous connections and there is always 
absolute unanimity in tho compelling charactor of tho demonstration and the con- 
sistency of tho rosults, wo havo a ground of moral confidence so groat that wo can 
dispense with tho proof of logical certainty and comfortably lay out our livos on 
tho hypotheses of the permanonco, consistency and accuracy of mathematical truth. 
Surely wo can sey that throughout the ages, wheat Christ hes to offer to mankind has 
worked. Tho claims which He made for Himself cannot be denied. Thousands of 


porsons through thousands of yoars havo found that Ho has beon all that Ho claimed 
to be. 


Tho Concopt of Infinity 


Ono cannot go far into the ficld of mathomatics without somo concopt of infinity, 
nor is it long before « child focls the incdoquacy of the numbers which he lmows. 
Somo yoars ago a six~yoar old nophew asked his mothor what a Ph.D. in mathomatics 
meant. Sho ropliod that it moant that one Imew a great doal about numbers. He 
immediately inquired if ho could ask mo ony question ho wished about numbers upon 
my noxt visit, His quostion was "What is the biggost number in tho world?" Whon I 
tried to oxplain to him thet there woro always larger numbers than any ho could 
montion, ho did not soom to undorstand and only oxprossod disappointment in my lack 
of mathomatical Imowledgo. God trics to givo us some concept of infinity in His 
Word whon He says, “God tolloth tho numbor of tho stars; Ho calloth thom all by their 
namos" (Psalm 14734), or again, “Tho vory hairs of your hoad arc oll numbored" (Matthow 
10:30). As human boings wo roalizo that tho stars in tho heavons and tho hairs of 


2Robort De Carmichaol, "Tho Largor Human Worth of Mathomatios," Methomatics, Our 
Grvat Horitago (Now York: Harpor and Brothors, 1948) p. 285. 
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our hoad aro impossiblo to count and as wo bogin to got somo grasp of tho bignoss of 
numbers, tho groatness of our God is improssod upon us, 


Or say to college students, "Take the numbers 1,2,5,4.5, ... indefinitely. Now 
secondly take, 2,4,6,3,10, ... indefinitely." Then ask, “Are there not just as many 
numbers in the second class as in the first class, since to each number one can have 
its doubie to correspond to it?" So there are as many numbers in the second class — 
as in the first class but the second class is only part of the first class, or in 
other words, the part is equal to the whole. This gives one a helpless feeling 
about the whole concept of infinity. One can take away from infinity (take away 
the odd numbers in the first class) and still have infinity left. 


So, how long will eternity be? Is there any way to express its endlessness? 
Perhaps the Lord wanted to bring to our attention the limitations of man's mind in 
regard to this matter when He says, "One day is with the Lord as a thousand years, 

and a thousand years as one day” (2 Peter 3:8). The best illustration of the concept 
of infinity I can think of giving the student, and I find it is one he never forgets, 
is the last verse of the hymn, “Amazing Grace." The hymn writer puts it this way: 


"When we've been there ten thousand years, 
Bright shining as the sun, 

e've no less days to sing His praise, 
Than when we first begun." 


The student admits that it is inconceivable to take away ten thousand years from 
infinity and still have infinity left. To the human mind it is inconceivable, but 

in eternity our minds will not be bound by the finite. Only our own ignorance makes 
it impossible to conceive the idea. Does this not show how much greater our God is 
than any human being and aro we not constrained to say with the Psalmist, “What is 
man, that thou art mindful of him? and the son of man, that thou visitest him?" (Psalm 
8:14). Surely the unending character of eternity forces one to face the issue 
squarely as to where he or she individually will spend this unending time. 


Or think for a momont concerning space. Just where does space ond, or does it 

- have an end? Why do we stop at three dimonsions? With two variables one expresses 
the oquation of a straight line in a plane, with three variables one exprosses the 
equation of a plano in three dimonsions. But now writo an cquation with four var- 
iables. What kind of a figure docs one got? Have dimonsions givon out? Architects 
and physicists talk of four dimensions. "In architectural ornamentation, Claude 
Bragdon has shown the boauty in tracorios that depend on four-dimonsional order. "5 
Physicists: havo triod to creato a four-dimonsional space-timo world. But if four 
dimonsions, why not havo more? Where is to be the stopping place in this speculation 
concerning dimonsion? Many a religious skeptic will say that ho doos not beliove 
that thero is a possibility of a world beyond, but this same person will probably 
admit the probability of a dimonsion boyond the third or fourth. Does this not show 
us the bounds of human impotonoc? Where is place for boasting thon? 


Signed Numbers 


In the study of algebra, one learns that in the addition of two unlike signed 
numbers, that the positive addend has to be larger than the negative addend if the 
sum is to be a positive number. The negative number may well speak of the downward 
pull of sin in one's life. It takes the positive grace of God to send him in a posi- 
tive direction, The hymn writer caught the idea when he wrote, "Grace that is greater 
than all our sin." 


3 James Byrnie Shaw, "Mathematics - The Subtle Fine Art," Mathematios, Our Great 
Heritage (New Yorks Harper and Brother, 1948) p.42. 


sol 
| int 
res 
abo 
tho 
und 
rol 
Mos’ 
the: 
ak yi bac ant (Hel 
Ibe Chr: 
dear 
patt 
ours 


‘The Functional Concept 


Relations in the world are infinite in number. Mathematics is sometimes defined 
as the science of relations. Word problems in algebra require that a mathematical ~ 
law be formulated which expresses the relationship between variables. For example, 
if a train travels at a uniform rate of speed, the distance travelled depends upon 
the time. The functional concept, or the idea of one quantity depending upon another, 
runs throughout tho whole of mathematics. The human race is dependent upon a Being 
higher than itsolf, and it is only as the individual is rightly related to God and 

to His Son Jesus Christ, and he finds complcte satisfaction in lifo.e As tho change — 
in value of one variable affects the result so a change in one's relationship to 

the Lord Josus Christ affects one's wholo’sonso of lifo values. 


Or think of the solution of a linear differential equation when the equation 
is not solvable until on integrating factor is introduced. As soon as this factor 
is introducod, tho oquation becomes oxact or falls into some typo which is readily 
solvable. Christ is the integrating factor in tho individual's life, When He is 


introducod, and life's interests are integrated about Him, tho problems in life 
resolve themselves into solutions. 


Variablos and Constants 


In mathomatics, we desiro to find some unifying cloment, or unchanging law, 
about which other domains of truth may be systematically organizod. In invariant 
thoory, we are intorestod in cortain combinations which havo an unaltorable valuc 
under cortain transformations, “The ‘laws of naturo' are oxprossions of invariant 
rolations undor the changos occuring in nature or brought about by diroctivo agoncy."* 
Most of us are interostod in the "constants" of life. In the realm of one's earthly . 
life, there are many variables; everything is changing but in the midst of it all, 
there is the unchanging Christ, who is the “same yesterday, today, and forever" 


(Hebrews 13:8). Happy is that one who finds that under the transformations of life, 
Christ remains constant, and is the unchanging One. 


Translation 


In analytic geometry, if the center of a conic section does not lie at the 
origin of the coordinate system, the axes are translated so that the equation of the 
curve is simplified. There are many advantages in having the center of the curve 
coincidé with the center of the coordinate system, Here is an opportunity to speak 

of the translation in the spiritual realm of which the apostle Paul wrote in Coloss- 
ians 1:13, “Who hath delivered us from the power of darkness, and hath translated us 
into the kingdom of His dear Son," for does not translation into the kingdom of His 
dear Son moan, among other things, a changing of the center of one's life and interests? 


Conclusion 


Other analogies could be given, such as the logical order of the system of truth 
in the mathematical realm, the contribution of one law to another, and the definite 
pattern of the whole, all of which is revealed in the world about us, but perhaps 
enough has been said to show that it is my conviction that mathomatics should mean 
more than just mathematics to tho Christian student. And surely the challenge is 


ours as Christian teachors to make our subject contribute something to the spiritual 
life of the students entrusted to us. 


f Robert D. Carmichacl, “The Largor Human Worth of Mathonatics," Mathomatics, Our 


Great Heritago (Now York: Harper and Brothers, 1948) pe 277. 
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GAMOW'S THEORY OF ELEMSNT-BUILDING 


Delbert N. Eggenberger 
Illinois Institute of Technology 


The phenomenon of universal expansion from a common point, as formulated by the 
astronomer Hubble in 1926, from data on the red shift of stellar spectra, resulted 
in renewed interest in the mode of formation of astronomical bodies from a primeval 
masse The implication of a definite starting time was an important entity from which 
cosmogonical science and philosophy could launch a new attack. Physicists became 
interested in the possibility of the construction of elements from a mass of primary 
building blocks, a suggestion along this line having been made by Sterne~ as early 
as 1933. The two problems, that of the origin of elements and of the origin of 
astronomical bodies, have often been studied together. To one school of thought the 
two are somewhat linked, However, as this paper is to cover only the former, the 
latter will be brought in only incidentally. 


Basically, the problom consists in finding a process which, when solved, would 
give the present rolative abundance distribution of the elements. The abundance 
drops rapidly with increase in atomic weight up to about weight one hundred. From 
that point on the abundances are practically constent®, A few elements vary consid- 


erably from the general abundance curve, to which reference will be made later. 


Early attempts at the solution of the cosmogonical problem were based upon 
equilibrium studies of nuclear transformations at high temperature and density. The 
first rather complete cosmogony based upon these methods was developed by von 


Weizsacher in 1938 “°, He assumed his starting material, the origin of which was 
beyond the scope of his cosmogony, to be the elements in thermal equilibrium with 
respect to nuclear transformations at high temperature and density. A change in 
physical conditions then froze the distribution. Later investigators extended the 
theory by assuming hydrogen to be the starting material. 


The outline of this cosmogony is as follows. A mass of hydrogen at an extremely 
high tomporature and density partially cordensed into heavicr elements in definite 
proportions for a given sct of conditions. One might think of the condensation as 
being a result of loss in free energy of surface tension cffects balanced against 
gain in free onorgy as a result of coalescence of two like-charged particles, It 
turns out that for elements having atomic woights below about silver in the atomic 
scrics, the surface onergy is predominant and noutrons and protons tend to combine 
into larger groups while for elements having heavier nuclei than silvor, the predom- 
inant electrostatic effect tends to break up the group. In either case, onergy is 
is reloased. The latter effect is rosponsible for atomic energy as we ‘mow it today. 
The former principle raroly occurs terrestrially because of the extreme improbability 
of two nucloi coming so close together that thoy coalesco at ordinary tomperature 
and pressure, A rapid change in physical conditions, including a drop in temperaturo, 
thon caused that distribution to frooeze. 


Jp, BE. Storne, Monthly Noticos 93, 726 (1933) 

M. Goldschmidt, Goochomiseho Vertoilungsgesots der Elemento und der Atom- 
Arten, Ix (Oslo, Norway, 1938) 

5c. von Weizsdchor, Phyz. Soit. 38, 176 (1937) 

C. von ‘leizsicher, ibid. 39, 633 (1938) 
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This thoory results in a relation in which tho logarithm of abundance drops 
lincarly with nuclear binding enorgy and with atomic woight. Calculated abundances 
fit data quite woll up to about atomic weight sevonty. Beyond that, calculated 
values ero too low, the crror at atomic number 90 being a factor of 102°, Chandra- 
sochiar and Heinrich* suggested that heavy elements wore formod at an earlier state 
of highor temperature and gonsity, were frozen, and tho lighter olemonts formed at 
lowor peas-unaeerer Gamow", howovor, points out that at tho tomperature of 191° K 
and donsity of 10°¢/om® necessary for this typo of reaction to form nuclci, trans- 
formations aro primarily by absorption and evaporation of freo neutrons and would 
occur for hoavy as woll as for light olomonts. Klein, Boskow, and Troffonberg® 
rocalculated von Woizsichor's work using newer data and introducod high energy lovel 
studios which partially accounted for the discropancy at high nuclear weights. ven 
Albada’ considorod olectrostatic offects at high donsitics but the discrcpancy at 
high woight was not accounted for. Hoylo® gugcested that 0, B, and A stars had en 
interior temperature sufficient for such nuclear reactions to occur and identified 
the sudden freezing of the distribution with a supernova burst. ter Haar? assumes 
reactions to be taking place in stars because the initial expansion of material was 
too ranid to permit equilibrium to be established. Gamow® points out that early 
expansion was so rapid that the 10° g/em? density necessary for equilibrium reactims 
was reduced by an order of magnitude in about one second. In a few minutes all 
transformations would have been halted, yet @-d cay of neutrons requires approxi- 
mately an hour. Therefore, equilibrium in the early stages was impossible. 


Because of the failure of equilibrium methods to predict satisfactorily the 
distribution of heavier elements, Gamow? in 1946 suggested the possibility of a_non- 
equilibrium process of nuclear sonetruotion. In 1948, Alpher, Bethe, and Gamow! 
identified this non-equilibrium process with that of neutron-capture. The formulation 
of this theory into mathematioal, and quantitative explanations has been done 

by Alpher, Gomow, and Herman’? ’ - Extensions into astronomical processes were 
also carried out by these authorsl#, 15, 16, 17, 18, 


Non-equilibrium cosmogony begins with the sudden appearance of a mass of energy 
at a temperature of the order of 10100 x, At this point the mass was almost pure 
radiation. As cooling took-place, conversion into material mass in the form of 
neutrons occurred. Tihen the temperature dropped to 109° K, which was reached in a 
span of several minutes, and the density of radiation to a value of about 1 g/om® 


 Chandrasekhar and L. Heinrich, Astrophys. J. 95, 288 (1942) 
5g. Gamow, Phys. Rev. 70, 572 aay . 
6idein, Beskow, and Treffenberg, Arkiv. f. Mat., Astron. och Fysik 38B, 1 (1946) 
Beskow and Troffenberg, ibid. 344, 15 (194 
7g. B. van Albada, Bull. of the Astron. Inst. of Netherlands 10, 161 (1946) 
G. B. van Albada, Astrophys. J. 106, 393 (1947) ia 
87, Hoyle, Monthly Notices 106, 343 (1947) 
°, tor Hoar, Au. J. Phys. 17, 282 (1949) 
10p, Alphor, H. Bothe, and G. Gamow, Phys. Rev. 73, 803 (1948) 
1lp, Alphor, Phys. Rev. 74, 1577 (1948) 
12R, Alphor, and R. Herman, Phys. Rev. 74, 1757 (1948) 
13R, Alphor, R. Herman, and G. Gamow, Phys. Rev. 75, 332 (1949) 
Gama, Phys. Rev. 74, 505 (1946) 
15R. Alphor, and R. Horman, Phys. Rev. 75, 1333 (1949) 
16, Alphor, and R. Herman, Phys. Rev. 75, 1089 (1949) 
174, Gamow, Nature 162, 680 (1948) 
18p, Alpher, and R. Herman, Nature 162, 774 (1948) 
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the first reaction began to take place, namely, that of capture of a neutron by a 
proton to form deuterium. The proton made its appearance by @ radiation from a 
neutron. This process of @ radiation from a neutron occurs not only at extremely 
high temporatures but also at much lower temperatures when neutrons are over- 
abundant in a nuolous. 


In general, the lower-weight nuclei have small neutron-capture cross sections 
and relatively snall proportions are hit by neutrons to be transformed into higher- 
weight nuclei. The result is that each element is much scarcer than the one next 
lower in weight. At atomic weights around 100, these cross sections increase at 
such a rate with increase in atomic weight that relatively large potions of exist- 
ing nuclei are transformed into higher ones. By assigning suitable conditions it is 
possible to work out a theoretical distribution that fits the actual quite accurately 
over the range of !mown elements. 


Calculations show this process to have occurred ina span of time 105 to 10* 
seconds long, by which time radioactivity of the neutron brought the process to 
negligible importance. During this period, and for a considerable time afterward, 
radiation mass was predominant and radjation pressure caused a very rapid expansion. 
In fact, it was not until a time of 10° years had elapsed that one-half of it had 
been transformed into matter. This process was probably similar to the formation 
of mesons today in the form of cosmic rays. At the time matter constituted one-half 
the total mass, the cosmogonical processes were influenced primarily by material mass. 
It was then possible for gravitational effects to operate in accordance with Jeans! 
lawl2 -at a critical density and temperature, a mass of gas of a given diameter, or 
larger, began to break away from the surrounding gas and contracted into an astron- 
omical body. This step could well be started by a statistical fluctuation in density 
within the body of gas. Details of this process have been worked out by Spitzer 0 
and “Yhipple™”, It is quite possible that dark nebulae represents such a process 
occurring at present, That this time of equality of radiation and matter density was 
the time of condensation into galaxies is suggested by the fact that when that point 
was reached, the universe went over into free expansion, and condensation would have 
become increasingly difficult after that16, 


Several additional facts support the theory of neutron-capture. The abundance 
of several heavicr el ats are somewhat greater than would be expected from a smooth 
abundance curvee G has pointed out that these partioular isotopes have complete 
neutron shells in the nucleus and have an abnormally low neutron-capture cross section. 
Thore would be a tendency for isotopes to collect at these points, thus accounting 
for their abnormal abundances. On the other hand, the light elements lithium, beryl- 
lium and boron have abnormally low abundances. From proton-capture cross section 
data (sec, for example, Bethe's article) it is seon that these elemonts have un- 
usually high cross sections in relation to the small size of the nuclei. Therefore 
it is to be expected that these elements would tend to be transformed by protons into 
higher eloments. This process could_occur for some time after termination of the 
noutron-capture construction period 5, That the abnormally low abundances of the 
latter eloments is observod not only torrestrially but throughout stellar media as — 
woll soems to recommend this theory over that of equilibrium methods using stars as 
the original gencrators of elemonts. In this connection it should be mentioned that. 
the noutron density was too low for any capture to materially affect clemont distri- 
bution at resonance tomperatures. This moans the process was ended at a still very 
high temperature. 
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A few difficulties also appear, as pointed out by Alpher?. The elements con- 
taining 5, 8, and 11 nucleons are particularly resistant to neutron transformation. 
It was sugsested that deuterium- capture might bridge the gap. Also, it might be 
questioned how the very-short-lived radioactive elements are bridged. It is possible 
that these elements did not become radioactive until one or more @ decays of neutrons 
took places. So it appears that neutron-capture offers a quite feasible explanation 
of the origin of the elements, granted a proper initial mass of energy. However, we 
naturally hostitate to put a stamp of finality to the process at this time. 


A question comes up regarding Gamow's suggestion of the possibility2? that this 
prinordial mass of radiation and neutrons was the result of collapse of a previous 
universe. In other words, the universo may go through cycles of oscillation, collaps- 
ing to a primordial mass and expanding to great distances, finally to collapse again. 
Present data indicates, however, that expansion rates are such that the state of 
expansion is permanent. There appears to be no intention of the cosmic material to 
colloct again. Thorefore, it appears that the mass of radiation and neutrons at the 
begimning of the present expansion was ao distinct croation at that time. 


A further question is anticipated. On what basis is it stated that element- 
formation began several minutes after the initial appearance of energy? If the inte- 
gral of the formation-rate curve is assumed to start at zero time, a singularity 
results -- it goes to infinity. Therefore, by adjusting the definite integral to 
the element-formation poriod with both limits as positive finite times, the curve 
approaches infinity at a time a few minutes earlier than the point of initial forma- 
tion of douterium!?, this point is assumed to be the earliest limit of creation. 


To the Genesiac exegete, present theories are refreshing in the implication of 
the sudden appearance of mass a finite length of time back. This could well be the 
creation of Gonesis 1:1. The statomont of this brief and general verso hardly re- 


guires limitation to an interprotation of creation of things in their present forms. 
Whethor or not this theory is the correct intorprotation of the Bible vorse is, of 
course, impossiblo to determine. Howover, that now developments are compatible with 
Biblical cosmogony gives us furthor assurance that our faith in His Word is not 


misplaced. 


